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• Abstract 

Longitudinal data on the academic performance pf high school and college 
student^ who completed the ACT Assessment Program beginning in 1964-65 are 
reported. Specifically, trends in students 1 high school averages, their test 
scores on the ACT, and their first semester college grade/ point averages are * 
examined. Over an eight year period, grades awarded by high school and college 
faculty have shown a significant increase while at the same time ACT test 
scores have been on the decline. The results are consistent across alj types 
of institutions, and for various subgroups of students. 
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Introduction 

The one certainty of life, and therefore of education, is change. More- 
over, in both cases, knowledge of the patterns and trends which describe that 
change is crucial to rational planning. In recent years, that knowledge has 
become especially important to educators due to increased emphasis on the quality 
of the outcomes of formal education. 

The focus of this paper is on one small but significant segment of educa- 
tional change— trends in the academic performance of high school and college 
c 

students. Specifically, data are reported which reflect trends in students' 
high school averages, their test s core s, on the ACT Assessment Program, and 
their first semester college grade poin^ average. The source of the data used 
to, identify these trends is discussed first and then each is discussed sep- 

> r 

'arately. Finally, some implications of the findings for educational planning 
are considered. 



The Data 



The trends reported in subsequent sections of this paper are based on 
information retrieved from ACT history files of student and institutional data, 
Those files contain information on all of the students who"' have participated 
in the ACT Assessment Program since its inception in 1959. They include 
summary data on the national population of students who have written the ACT 
over the past decade as well as group data by college on students who have 
applied to and enrolled in specif *c institutions. 
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The trends cited in this study are based on two types of data: 1) infor- 
mation reflecting the entire national sample of the ACT student population and/ 
or the entire national sample of ACT using institutions and 2) information based 
on students attending eight institutions identified especially for this study. 
The latter eight colleges were selected to represent a cross section of the types 
of' institutions (2-year, 4-year, etc.) which have used the ACT Program over a 
period of time sufficient for detecting trends. These colleges., all of which are 
located in the Midwest, have used the ACT Assessment Program each year since 
1965 • » ' ' - 1 y. . '= '„<:; Ft • 

Because data from both a national sample of institutions and the eight 
college sample-a*e-used, there is occasional duplication in some of the data 
reported. This dupcliation . is useful, however, since it serves to confirm the 
representativeness of the eight college sample.' Data from the eight colleges 
are also used to provide insights into trends in the academic performance of 
selected subgroups of students for which national data cannot easilyTbe obtained 
(e.g., trends in performance as afunction of racial/ethnic background, type 
of college attended, etc.). Collectively, the two types of d^ta present a clear 
portrait of the trends which are the focus of this study. 
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Trends in High School 'Average ' 

In this section trends in high school grades are examined for students 
enrolled in a sample of eight colleges. Table 1 contains the High School 
Averages (HSAs) for students enrolled in the ei|ht colleges, Data^ere-/ 
ported which have been collected each year sincfe 19£5. The HSAs are base^~ 
four self-reported high school grades recorded by students when they wrote 
the ACT Assessment. The four grades reported are the latest Semester grades 
in four subjects earrifd by the students prior to the -senior year of high school. 
The grades axe reported for a course taken in each of four curriculum areas: 
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English, mathematics, social studies, and natural science. The HSA is the 
arithmetic average of the four grades. At the bottom of Table 1, the national 
average HSA based on colleges that have participated in the %tandard Research 
Service 1 ar£ reported. '3£iese national averages were taken from the Summary 
Tables for the ACT Rese arch W yyices and are available upon request. 

The data in Table 1 Are organized according to the types of institutions 
included among the eight (Wlegesfin the sample. 2 One interesting trend that is" 
apparent f£cm €he data is that stadents with good high school grades generally 
attend institutions whi©^offer advanced degrees more frequently than do students 
withaower grades, bur national averages indicate, for example, that students 
who attend Type I colleges are likely to have HSAs that are about .4 less than 
the HSA of students who attend a Type IV college. Data reported in Table 1 for 
the eight colleges ere consistent with that finding. * 

It is also interesting to note the trend in HSA for the eight colleges. 
The data in Table 1 indicate that HS^incr eased by at least .1 for each college 



The Standard Research^ Service is one of two predictive research services 
provided by ACT to participating colleges. Colleges provide first semester or 
first year grades to ACT from which averages and regression equations are 
developed. 



The four types of institutions as defined by the United States Office of 
Education are: 

Type I - Two-year but less. than four-year degrees, includes junior colleges, 
technical institutes', and normal* schools. 1 o 

Type II - Only bachelor's degree and/or first professional degree (BA, BS , and 
MD, DDS, etc.) . 

Type III - Master's and/or second professional degree (MA, MEd, MBA, etc.). 
Type IV - Doctor of Philosophy or equivalent degree + 



in the^space of thrde v V^ears from 1966-67 to 1969-70. This suggests that the 
students who took the^CT Assessment and then enrolled in these colleges came 
from high scho<?ls whose grading practices reflected a trend toward higher 
grades. % . 

Table 2 provides simi^ax data on high school average for each of t^e four 

\ 

content areas. Based oh those data, it seems clear that trends toward higher 
grades were -not confined to anV specific discipline. To the contrary, increase's 
in grades occurred across all fibur content areas. 



The data in Tables 1 and 2V£lso s h ow that this trend toward higher HSA 
was completely independent of t^i type of institution attended. This pattern J 
toward higher grades continued f^bfy 1969-70 to 1972-73, In most cases, the 
average HSA increased bj at least for the three-year period. Although the 
data are not shown in Table 1, the'^SA of students enrolled in most of these 
colleges increased by approximately U from 1972-73 to, 1974-75, 

The HSA ACT norms recorded at ihfe bottom of Table 1 indicate that this 
shift in HSA has also occurred for a riational sample of students enrolled in 
several hundred colleges over the pasjt \several years. The average HSA rose .06 
from 1966-67 to 1969-70, and another .1^ from 1969-70 to 1972-73. 

A similar trend exists for student s^who wrote the ACT Assessment but did 
not enroll at one of the eight .colleges . \\ For that group, HSA has tended to in- 
creaseiyabout .1 for each three-year inteufial. In addition, nonenrolled students 
who applied to Type 1 colleges tended to Ave higher HSAs than enrolled students. 
It is likely that many of the more able stvMents who apply to Type I colleges 
eventually enroll at colleges where advanced} degree programs are available. 
Conversely, nonenrolled students at Type IV Colleges have lower HSAs than en- 

rolled students. This may be due to the mor% rigid admissions standards at 

> \ 

these types of institutions. n 



that data base, reports the means and standard deviations for students who took 
the ACT tests in each of the last ten years. The table includes statistics for 
each of the ACT subtests and for-the composite score. 

Mean ACT composite scores have declined by approximately one standard score 

■ 7 

or about 1/5 of a standard deviation over the jpast* decade. Results are also 
provided individually for each*of the ACT subtests. English scores have de-, 
clined by about 1 standard score, mathematics scores have declined byabout 1*2 
standard scores, social studies scores have declined by about 2h standard scores 
and natural science scores have remained essentially constant. Because of the 
larg^ number of students tested each year, the observed trends are clearly not 
due to random fluctuations in test scores but rather actual changes. 

The decline in scores on college admissions tests is not unique to the 
ACT Assessment Program. The College Entrance Examination Board' has observed 

ii a 

the same phenomenon for students taking the Scholastic Aptitude Test (SAT) V 
(Maerof f , 1973) . 

Because both the ACT and the SAT are used by colleges % for assisti% in 
admissions and placement decisions the observed decline in test scores has 
been accompanied by a variety of possible explanations .for the decline. Among 
the hypothesized explanations, one seems .especially appealing. That explanation 
attributes the decreases in scores to changes in the pool of college-bound 
students. In particular, it suggests that more students in the lower division 

of their high school class are attending college than was true ten years a'go 

' « > 

(dross, 1971). Some evidence in support of that hypothesis is found by observing 
the trend in the standard deviations of test scores of college-bound students 

V 

• *» 

reported in Table 3. * During the same period of time that test scores were. 

v. 

declining, the corresponding standard deviations were on the increase, thus 

A * • 

suggesting a growth in the diversity of academic ability of students seeking 
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that data base, reports the means and standard deviations for students who took 
the ACT tests in each of the last ten years. The table includes statistics for 
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or about 1/5 of a standard deviate over the jpast decade. Results are also 
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the same phenomenon for students taking the Scholastic Aptitude Test (SAT) 
(Maeroff , 1973) . 

Because both the ACT and the SAT are used by colleges > for assisti% in 
admissions and placement decisions ,. the observed decline in test scores has 
been accompanied by a variety of possible explanations .for the decline. Among 
the hypothesized explanations, one seems .especially appealing. That explanation 
attributes the decreases in scores to changes in the pool of college-bound 
students. In particular, it suggests that more students 'in the lower division 
of their high school class are attending college than was true ten years a'go 
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the trend in the standard deviations of test scores of college-bound students 

i 

reported in Table 3. * DUring 1:he same period of time that test scores were. 

■v. 

declining, the corresponding standard deviations were on the increase, thus 

ft * 
suggesting a growth in the diversity of academic ability of students seeking 

i 
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admission to college. Although other factors no doubt enter into the declining < 

test score phenomenon, it seems safe to argue that? increased student diversity 

is a partial reason for that decline. " * 

tt • * 

Given the trends toward'*d&£lining test scores just discussed; it seems 

\ • ^ ' . 

i appropriate to determine whether those trends can also be observed for (1) 

different subgroups of students and (2) the variou^ types of institutions that 

use the ACT program. Data relevant to answering those questions have been 

collected and the results are discussed next. 

Trends in ACT Scogeg"g£ a Functio n of SeX t 

7T ] 

Table 4 reports means and standard deviations for the females and males 
who completed the ACT tests in the ten-year period from 1964-65 through 1973-74. 
As with Table 3, the data used to assemble Table 4 includes all^ males and fe- 
males tested by ACT each year.' Thus, most of the means are ha^djjpn samples 
of several hundred thousand females and a like number of males. 

For both the" female and male groups, .the -mean ACT composite scores .ex- 
hibited the same downward trend as was observed in Table 3 for the combined 
groups. Over the ten-year period, a decline in the composite score of approxi- 
mately 1 standard score was observed for th© males and a decline of approximately 
' 1*3 standard scores was observed for the females. The declines in mean scores 

on both the English Usage Test and the Social Studies Reading Test were sub- 
stantxally larger for females tharf males, whereas the opposite was true for the 
Mathematics Usage Test. As for the Natural Sciences Reading Test, mean' test 
scores for the male group rose by about 1 standard score while remaining constant 
for t$e females. 

Based on these data, it appears safe to postulate that, the trends toward 
declining ACT test scores apply to both males and females, though the magnitude 
of the decline for femalesi in most cases exceeds that observed for males. 
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Trends in ACT Scores as a Function of Racial/Ethnic Background 

The same samples of enrolled black students referred to in the previous sec- 
tion on trends in HSA were V ufed to examine the ACT test scores of black students! 
The average composite score for the 10% samples of black students taking the ACT 
Assessment and enrolling in college in the years , 1970-71 and 1973-74 were 14.3 
and 13.0, Respectively. The decrease in mean composite scores was accompanied 
by a .1 decrease in the standard deviation of the scores. 

National data including a 10% sample of all students who took the ACT and 
then enrolled in college are reported at the bottom of Table 6. They reveal that 
from 1969-70 to 1972-73, there was no decline in ACT scores for those students. 
A possible explanation for this difference between the national samples of en- 
rolled students is the recent lo\4ering of barriers t?b college admission fpr 
black students. It is possible, for example, that as more and more black' stu- 
dents have applied to and enrolled in college, the available pool of olac^ stu- 
dents with high ACT test scores (those who have traditionally had less difficulty 
gaining entrance to college) has diminished and the number of black sti^ents witli 
'lower ACT test- scores admitted to college has increased. The net result, of 
thesfe events could account for the decrease in the mea*n composite score for ' 
black students over the three-year period reported. 

A < . 

Trends in ACT Scores as a Function of Type of Instit ution ~£ 
To 'determine whether the 'decline in test scores of college-bound students 
was a trend observed at all levels ^nd types of institutions, test score data 
were collected on the eight colleges and universities discussed earlier, a cross- 
section of colleges which include the* four types of institutions. Specifically, 
the means and standard deviations 'of the ACT test scores of students applying to 
the eight colleges and universities were determined for three years — 1966-67, 



1969-70, and 1972-73. The resulting statistics were grouped by type of insti- 
tution and reported in Table 5. In general, the trend to a decline in the mean 

11 : 



of ACT test^scores appears to^be observable across all types of institutions. 

Moreover, all types of institutions appear to bq experiencing greater diversity 

in the academic abilities of "students applying for admission as evidenced by the 

♦ * • * ^ 

increase in the standard deviations of scores from 1966-67" to 1972-73 ^ 

Trends in the ACT Test Scores -of Enrolled ' Students. 

The preceding discussion focused on college-bound students whereas the 
next part reports trends in the ACT^test scores of enrolled students, those 
students who were actually admitted to college., It is impprtant to consider 
the two groups independently since a ttend toward deckinijig test scores for 
college-bound students does not mean that enrolled students will show a similar 
decline. Conversely, a decline in test scp):e& for enrolled students does «not 
mean that college-bound students would necessarily, show a similar decline. . 

No data corresponding to those provided in Table 3 for college-bounfl 

students are available for the enrolled students. That is> we are unable to "' 

provide a year-by-year summary of national means and standard deviations of 

enrolled students. Consequently, the data reported in this part are based on ^ 
* * 

the eight representative colleges and universities referred to in the pre-, 

•ceding dicussion.* 

t * 

Table 6 shows >the distribution of ACT ; composite test scores for enrolle<|* 
students at the eight institutions by type of institution. In general, a v 
decline in test scores similar ^.in maghitude^to Ihe one observed for college- - 

bound Students is also observed for enrolled students. As might be expected/ 

\ ■ 

the decline ^n test scores for enrolled students is accompanied by a significant 
increase in the* standard J|§viations c^f the te^t .scores over the six ye^rs. 
Thus, it seems safe to conclude that < as the academic abilities of students 
applying to college and taking the ACT tests has become more diverse, colleges 



haver responded by selecting students representative of that diversity Thus 
t , the decline in ACT test scores, may, in part, be attributed to an increase in 
the^nuiriber of students with less well developed academic abilities being ad- 
njitted to college* 

Trends in ACT Scores a's a Function of Sex 

Analysis ^f the' available data reveals no trends unique to either sex, 
1 In- general, declines in scores occur for both sexes for all tests except 
natural sciences. Thus, results for the enrolled students are consistent with 
those observed for college-bbund students. 

Trends in ACT Scores as a Function of Level of Institut ion 

Referring once again to Table 6, it is apparent that there is a trend 
towards decline in test scores of first semestei: enrolled students at all four 
types of institutions.- It seems apropos to hypothesize that in recVnj; years 
all types of institutions ^have, either by choice or out of necessity, been 
admitting students with lower developed academic abilities than in the past 
That is, even those institutions which have traditionally &=^<3ed to be highly 
selective of their students h^ve* either deliberately or arbitrarily introduced 
greater diversity into their student bodies. Inspection of the ACT norms at 
^the bottom on Table 6, however, ^reveals that the ACT ^omposite scores of 
students who actually finish the, first semester of college are relatively 
constant over the six-year duration of the study. 

Trends in First Semester College GPA 

. f The .trends in first semester college grade point average (GPA) for the 
same eight colleges is represented in Table 7. The grade point averages for V 
these schools were reported to ACT through the colleges 1 participation in the 

. 13 
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Basic Research Service. 3 The college grade point reported for this service 
is for the first semester of the freshman year. The grade point averages for 
several hundred colleges that have participated in the Standard Research Ser- 
vice for the time period covered by this study are shown at the bottom on the 
table. The rise in average GPA for the eight schools is even more pronounced 
than it was for HSA. Over the .six-year span tjjie increase in GPA varied from 
.3 to .9 for the eight colleges. The results for 1966-67 show that the colleges' 
average was usually at* least .2 less than the HSA for students at the same 
school. By 1972-73, the average college GPA was much closer to the HSA re- 
ported by the same students. 

Inspection of the ACT national averages at the bottom of Table 7 indicates 
a similar dramatic rise in college GPA over the past several years. The results 
are compatible with a recent study by Juola (1974). He suggested that the * 

riee in college £PA in recent years may possibly be a readjustment from the 

* * ■ • 

rather harsh grading standards adopted during the "post-sputnik period." He 
further -indicated that the rise in grades parallels the period of active student 
demonstrations when faculty may have been more conscious of. students' ^iews 
and concerns. Even though no explanation could probabJV cover every collfege, 
the trend toward ^higher grade point averages is cjear. 

Trends in the Prediction of -College GPA ' 

' i > ' 

In spite of the rise in grades at both the hi$h school and college level, 

the ability to predict college .GPa' based on the ACT Assessment and self -re- 
ported grades .has" 'remained' tcTuier' stable. ' 

Tfce multiple correlation for^ pj$e6UctSing college GPA based on the ACT 
Assessment and four sel£-reported h^ghsCheol grades. Is reported in Tab^e 8. 

3 ' •* '' # '/.'' V » ; ." , 

The Basic Research Service is 6,ne';of two predictive research sd;:vipes 
provided by ACT to participating colleg'$9>'/f ' / . * 
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The results are mixed for the eight cro£s-s<|c£ion colleges. - Three schools 
showed a decline in multiple correlation over the six-year period. On the 
other hand five of the colleges had the same or a higher multiple correlation 
for predicting first-year college GPA. At the bottom of the table the national 
norms for several hundred colleges are reported. The typical multiple corre-, 
lation has been very stable over the six-year period reported, a period that 
has witnessed a decline in test scores and a sharp rise in grade point average. 
.It seems that in spite* of the variation in grades and test scores, these 
variables can still be used successfully to provide helpful guidance infor- 
mation to prospective college students. 



Summary „ J 



Taken together, the data reported in the paper indicate a significant 
increase in the- grades^ awarded by high school and college faculty at the same 
time ACT test scores were on the decline. Although there are many alternative 
hypotheses which could explain these phenomena, in the opinion of the authors, 
only one seems adequate. We attribute the rise in grade point averages, both 
at the high school and college level,, to an inqr|ased leniency in the evaluation 
of student performance, that is to a lowering of the academic standards, arbi- 
trary as they were , of past years. At the same time, it is our judgment that 
the decline in ACT test scores 1 * is the result of a significant shift in the 
developed academic abilities of the population of students applying and being 
admitted to college. \ t 

Although we are confident in our r^j^iale for the tVends described in 
. • - , * ' 

the paper, we are less confident in th^imj-Jlicafcions of these trends for 
shaping policies and practices in postseconda^y institutions. On the surface, 
the decline in ACT test scores and the increased diversity of students taking 
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the ACT tests suggests the need for colleges to review their educational 
offerings to determine if they are a^eqipte for their student population- The 
apparent admission of students with lowlr levels of developed academic abil- 
ities, for exampfe, might imply the need 4 f oir mbre low level courses designed 

i * 

to assist students acquire basic skills needed for successful learning in 
college. . 

The merit of the previous recommendation would seem to rest, however, 
on whether or not the "new" students being admitted to college, that is, thos'e 
with lower ACT test scores who might not Have been admitted five or ten years 
ago, are. successfully completing college-level work. We believe that* an impor- 
tant question not answered by the data reported in this study has to do with 
how students successfully completing collegi today compared with those completing 

4 

college several years ago. Are these "new" students still in college at the 
end of the first year or have they fallen .yictim to educational programs which 
do not satisfy their special needs? 



ERLC 



It) 



ERIC 



Bibliography 

Cross, K. P. Beyond the Open Door . San Francisco: Jossey-Bass, 1971. 

Juola, A. E. Grade Inflation (1960-1973): A Preliminary Report . Unpublished 
manuscript: Michigan State University, August 1974. 

Maeroff , G. I. "Students Scores Again Show Drop." The New York Times, 
Sunday, December 16, 1973. 



17 



cq 
< 



CO 
CM 



CO 



o 
I 

VD 
0> 



CO 



VD 
I 

vD 
vD 

o> 



CO 



o 



on 
m 

O 

on 

CO 

il 

VD <Z 
CO 

CNl 



m 

O iH 

on 
sr 
ii 

CM 

CM 



m 

m 

ON 

CO 

n 

co ^ 
o ^ 

CM 



m 

vD 

d 

CM 

on 

CO 

n 

on & 



m 

on 

VD 
CO 
Ht 

CM w 
CM 



ON 

m 

on 
co 

CO 

l 

ON 525 
O ^ 

CM 



m 



I! 

on ^ 



00 

m 



VD 

II 

VD 13 
CO 

CM 



m 

VD 



cm 



m 
co 
II 



VD 



m is 
m ^ 



CM 



VD 

O 

O 

CM 

II 

O ^ 

oo ^ 

CM 



CM 






iH 




VD 




VD 










O 


O 




O 


<r 








o 




o 




iH 

ll 




• ll 




o ^ 


VD 




m 


m ' 


VD 














CM 


CM 




CM 



o 

VD 

O s~s 
CM 
CM 

m 
II 

o ^ 

CM 



VD 

m 



o 

VD 

o 
II 

O 55 

m w 

CM ' 



VD 

m 

o ^ 

CO 
VD 

co 
II 

<r 55 

CM 



VD 



II 

m ^ 



VD 




vd 



ON 

m 



in ^ 

CM w 



O 
VD 



CO 

m 



CM 
CO 



m 

co 



CM 



o 

VD 

o m 

t-H 

<r 

CM 
II 

oo 5s 

CM 



oo 



CO 
VD 



00 4 



co 

VD 



CM 

m 

VD 



VD 



ON 

m 



o 

lj t 

v> 

r\D 
vD 
I 

m 

vD 

on 



m 

VD 



<D 

a 

«H 
(J 
*H 
iJ 
M 
cd 

a 

cd 
oj 
• cn 

ID 
'00 



O 
U 



o 



ICO 
cd 

C 

O 
i 

T? 
d) 
W 
Cd 

PQ 



on on 



u 

o 



on 

VD 

I 

oo 

VD 
Ov 



00 
VD 



VD VD 
ON ON 
rH iH 



a) 
u 
cd 

a 
u 

•H 

*j 

M 

cd 

a 

u 
cd 



CD 



o 
u 



e 

o 
u 



•vw vw 



cd 
cd 

C 

O 



CM 



0) 

U 

t 

u 

QJ 
CO 

•g 

cd 
w 

cd 

C 

cd 

CO 

<r 
r^. 

co 

o\ 



U 

o 



co 
r^. 
I 

CM 

r^. 
o\ 



CM 



o\ 



•H 

a) 
+J 
cd 
a 



u 

cd 
a 

+j 
cd 
•c 
+j 

w 
d) 
oo 
a) 



o 
u 



o iT! m 
<r cm on 
<r • <r co 



a 

o 
u 

VH 

cd 
u 

c 

o 

d) 
W 

cd 
cq 
co 



ERIC 



18 



CO 








o 
w 




3 




p 




u 




Cm 




0 






CO 


55 




O 




H 


CN 


Eh 




U 


cr 


w 


H 


CO 








CO 




CO 




§ 




Cm 


0 


u 


r-- 


< 


1 

CTi 




VD 


Eh 


CTi 


< 


H* 


CO 


*. 


Eh 


r> 


53 


VD 


W 


1 


9 


vd 




VD 


Eh 


cn 


CO 


rH 


Q 


55 


W 


H 














§ 

m 




55 




w 


I 


« 


Oh 


Cm 


0 




Cm 


Eh 






< 




< 


HE 


Eh 




53 


O 


W 


55 


Eh 


H 


53 


CO 


O 


D 


U 








cq 




< 




CO 




53 





co CO 
I 

cr» 



W 



co 
2^ 



o 
1 

cr, 
vd 



w 



co 
55 



0 
•H 
■P 

■P 
•H 

■P 
CO 
C 





O 


CN 




CO 


CO 










CM 






CO 


VD 


CO 


VD 


CO 




CO 






• 


• 


• 


• 


• 


• 


• 


• 


CM 


d 


CN 


O 


CN 


0 


CN 


Q 


CN 






















LO 




















LO 


CO 


rH 


O 


CO 


CN 


CO 


rH 


0 




CO 




CTl 


CO 


CTi 


CT» 


CO 


CTl 


CO 


• 


• 


• 


• 


• 








• 




CN 


0 


CN 


O 


CN 


O 


CN 


0 


CN 


f~\ 




«w 
















i 




















O 


VD 




CN 


CN 


co 


co 


co 


O 


o\ 


O 


CT» 


rH 


CTi 
• 




O 




CT» 


VD 


CTt 


CM 


O 


CN 


O 


CN 


rH 


CN 


O 


CN 


O 




















«w 






















O 


rH 


CO 


LO 


LO 


VD 


rH 




CO 


LO 


VD 


CO 


VD 


CO 

• 


CO 


CO 


O 




CO 




CN 


d 


CN 


0 


CN 


O 


co 


O 


CN 


O 





















o o 

CN £0 
CN b 



CT> 00 



CN O 



co 

O co 



cn o 



LO CO 



CN O 



CN 
O CO 



CN O 



vD CO 

cn 



CN O 



CT> CO 

co 



CN O 



CN CO 
O CO 



CN O 



vd 

co 



CN O 



CTt VD 
O CO 



CN O 



CO rH 
LO CTl 



CO LO 
LO CO 



CN O 



CN O 



CN CO rH 



co 

CN O 



CO CO 
CN 1 O 



CO VD VD O 
rH CTt CO CT» 



CN O 



rH LO 

VD CO 



CN O 



CO rH 

CO CO 



CN O 



O CO 
CO CO 



CN O 



/N o 



cn 

CO 



CN O 



LO VD 

r- co 



CN O 



lO VD 
*T CO 



CN O 









*— 0 


cn P"* 






CO 


viJ UJ 


vd r*"" 


r* 


CO 










CN O 




CN 




















VD O 


co r*"" 


ct» 


CO 


CO CO 




O 


p- 






* 


* 


CN O 


co 0 


CO 


0 


















CN VD 


co 0 


CTt 


? 


^ CT> 


CO 0 


^ 


CTt 


• • 








CN O 


Z(N rH 


CM 


d 


















VD CO 


CO P 


CO 


? 


CO CO 


CTt CO 


O 






• • 






<N*0 


CN O 


CO 


O 



P* rH 

VD CO 



CN O 



rH LO 
<tf CO 



CN O 



CO ^ LO 



VD 



H 
H 
H 



19 



VD rH 
^ CT» 



CN O 



CO 




CO 






5" 


CO 


r> 


CT» 


r> 


CO 


CO 














CN 


O 


CN 


O 


CN 


0 


























^ 


10 , 


VD 


CO 


CO 


<? 


LO 


CT> 


LO 


CT» 


0 


0 














CN 




CN 


0 


CN 


rH 


























^ 


CN 




0 


VD 




CO 




CO 


CO 


r- 


CO 














CN 


0 


N CN 


d 


CN 


d 















^ VD 



CN O 



r- 

VD 


SS 


CTi 




CTt CO 


CO 


LO 


LO 




CO 


CN 


LO 


rH 






CN 




cn .r- 
•1? • 


LO 


r- 


VD 


CO 


VD 


CO 


VD 


CO 


ID 


CTi 


1 

VD 




CN 


d 


CN O 


CN 


O 


CN 


0 


CN 


O 


CN 


d 


CN 


d 


VD 
CTl 
rH 








O O 


VD 


r- 




LO 


rH 


CN 


rH 


r- 


CO 






CO 


CO 


CO CTt 
• • 


rH 


CO 


co 


CTt 




CT, 


rH 


CO 


CO 


CTi 






rH 


0 


rH O 


CN 


0 


CN 


0 


CN 


O 


CN 


0 


rH 


d 






CO 
































CTt 


CTi 


LO 


CO 


CN 


CN 


LO 


O 


r- 


CTi 


CO 




w 


rH 




• • 


CO 


CO 


r- 


CO 


LO 




VD 






CO 






CN 


d 


CN O 


CN 


0 


CN 


0 


CN 


0 


CN 


d 


CN 


d 































CO "Si 
CN O 



CTi 
o 



co o 



co o 

LO CTl 



CN O 



CO CO 

o 



co o 



LO *T 
VD CO 



CN O 



<tf CTi 

o 



CO o 



CO rH 
^ CTi 



CN O 



^ LO 

cti 



CN O 



rH CO 

r- co 

CN O 



CTi 

cn CO 



CN O 



O CO 
LO CTl 



CN O 



^ CN 

CTi CO 



CN O 



LO CO 
CN O 



O LO 
CO CO 



CN O 



VD VD 
CO CTi 



4 



CN CO 

co 



cn o 



o o 

LO CTi 



CN O 



cti 

co 



cn o 



CO CTl 



cn o 



O LO 

co 



cn o 



0 

Eh 



CO 

CQ 
< 



H 

CO 



o < 

CQ W 
i 

w 

o w 
w > 

-J 00 
O 00 

u w 
u 

o n 

Uh oo 

oo z 
o 

►H oo 
H H 
< 00 



ft 



< w 

< t-i 
00 





Q 






•H 


00 






o 












o 


s 











o 
c 

*H 
O 
00 



2: 



o 
o 

00 



b0| 



CM 


CM 




m 


to 


to 


NO 




■ CO 


CO 




in 

* 


m 


m 


m 


m 


in 


in 


in 


• 

in 




o 




o 




m 




00 








• 
















• 


o> 


o 










00* 


00 


00* 


00 


r-H 


CM 


I 














H 










• 








t 
















/ 








i-H 


i-H 


to 


m 








in 


in 


in 


vO 


vO 


vO 


vO 


vO 


vO 


vO 


vO 


vO 


• 

vO 




in 


i-H 


00 


o 


m 


CM 


to 


in 


vO 


o 


o 


o 


o> 


,o 


o 


O 


o 


o 


• 

o 


CM 


CM 


CM 


i-H 


CM 


CM 




CM 


CM 


CN 

0 






vO 






00 


CM 


to 


in 


• 

vO 














r 




* 


• 


vO 


vO 


vO 


vO 


vO 


vO 










vO 


in 


vO 






to 


to 




i-H 




O 


o 










CO 


00 


CO 




CM 


CM 














H 



vO 
vO 



vO 



O 



to 



vO 



vO 



CM 



to 



vO 



m 



CO 



to 

CO 



CM 



m 



CO 



vO 
CO 



CM 



CO 
CO 



CO 



Q 


i-H . 




to 


to 


CM 


to 


vO 


vO 






00 


m 


m 


m 


m 


m 


m 


in 


in 


m 


m 


C 




i-H 


m 


i-H 




i-H 




vO 


00 
























• 




00 


a> 


CO 




00 


CO 












i-H 


i-H 


i-H 




i-H 


i-H 


i-H 


i-H 


i-H 


H 
















































m 


vO 




CO 


a> 


o 


i-H 


CM 








vO 
l 


vO 
1 


vO 
1 


vO 


vO 














<fr 


m 


vO 


1 


l 

00 


i 

Oi 


i 

o 


i-H 


i 

CM 


i 

to 




vO 


vO 


vO 


vO 


vO 


vO 












a> 




a> 




a> 


a> 











20 



J 



►J 

CO 

< 



CO 

is 

w < 

O 

CQ CO 
■ .CO 

o u 
w a 

►J D 
►J CO 

8 2 

ft; 

o CO 

CO 
CO w 

o 

w x 
Q E- 

Si Q O 

; 5g5 
§3 

CO CO 

^ w 

Q -J 



CO Q 



<D Q 

•H CO 
(/) 
O 



o rt 



o 
u 

C Q 

<D 

•H CO 
O 

CO 



u 
2: 



o 

•H 

+-> 

CO 



CO 



CO 



Q 
t/> CO 



O Jh 
O ctf 

CO 



fOtOLO t VOLO^OOOOO^ en 

loloiolololololo'lo 



CM (NJ »-H »-H »— < »— ( »— < i— < _l 



•-H'-HOOO,'— tO*-H»-H _J 
CM (NJ CM (NJ CM CM CM (NJ CM cnj 



*•••••••• t 

ooo^Qo^aiooooco co 



CMCMi~li~<i~<CMi--<i~<f--IH 



*>1 



.-H cm to to to r*s s hs LO <3< 

LOLOLOLOLOLOLOLOLOlfJ 

r^'-HLoo^cM^voooo 



l/)vOtNOO(^OHM^^ 

I I I I I I I I I I 

^LOvO^OOcjiO»-H(NJfy> 



oo 



H(NjtOcNHl/)vOvO ID* 
l^LOLOLOLOLOLOLOLOm 

i * 

tV)N HOOOHMflioH 

* 

C^CTi OOOo^OiOOOOOOOO 

i 1 ! 



o^AOHHCOM^rjH 

• <* 4« • • • 

LOiJOvOvOvOLOvOvOvOvD 



06 



o ^ ^" N ^ 



^ ^ to vo vo ^ *— » to lo in 

VOtOLOf-HCTjVO»-HOLO«H 

O O Oi Oi OO 00.00 OO 
CMCM^H^H^H^H^H^H r— I »—J 



^yOCOHNioanoM 

0'-HLO(NjtOLor > ^voooo^ 
oooor^r^cooor^r^h>vD 



^-^j-^-to^LOLOLOLoin 

ai t or^LOLO(NjooLOvo , xi 1 
cj>oct>cj>cj>ct>ooooooco 



Lovor^ooa^Of— «<Njto^ 
vovovovovor^r>r^r^j>. 
i i > i i i i i i I 

OicnascnaicriCTiCTjCTiO^ 



CQ 
< 



Q 
UJ 
►J 
►J 

o 

2 

o 

a. 
o 

en 

a 

o 
u 

CO 

w 

tn 
H 

hH 

CO 

o 



o 
u 

H 

s 

CO 
CO 

w 

CO 

b 

< 



to 
i 

CO CM 

o O 

►J 

C 

u o 

o o 
g • 

O Cft 

HH \0 
U -H 

w 

CO •» 

CO vO 

CO ' 

O vO 

OS vO 

U O 

i-H 

< 

2 

O »-H 

H 

o 2 

HH O 

>- o 

Cl, cx 
Ou 

< b 

CO < 

IS w 

§H 

H O 

CO 2 

hH 

CO 

























0) 




• 




















i-H 




Q 


i-H 






vO 


CM 


CM 










to 




















* /— \ 


•8 


CO 


LO ^ 




f N 


LO ^ 


to ^ 


LO 


t — \ 


LO 




i-H 






to 




o 


CO 


o 




to 


CO 




•H 


i 








o 


8 


cr> 




i-H 


CM 


cx 




CM 




LO 






to 




LO 


CT> 


to* 


> 






II 




ii 


II 


n 




II 


II 


II 


< 








o 




O 2 


2 




2 


2 


vD 2 




i-H 




• v / 




v — / 


• v ' 


• v ' 




v — / 


• \—/ 










CO 






O 




o 






CO 


O 












CM 


i— I 


CM 






i-H 


2 



o 
i 

CT) 
vO 
CT) 



Q 
CO 



0) 



o 

•H 
4-> 

4-> 
•H 
4-> 

to 
C 



0) 

& 





vD 




i-H 








CM 




LO 
















• /— \ 


• / \ 


• / — \ 






f — \ 


LO 


f — \ 






LO l*^ 


o 


o 


o 




vO 






o 


CM 


to 


en 


\o 


i-H 




CM 




O 


CT) 


vO 




CM 


r-H 


LO 








to 


to 




i-H 


to 


CT) 


II 




ii 




it 


II 


II 


it 


II. 


II 


LO 2 


to 


2 


vO 


2 


CO 2 


2 


vO 2 


-H 2 


O 2 


• v — ' 




v / 




V * 


. v ' 


• v / 


. v / 




• V / 


cr> 


CT) 




en 






i-H 


CO 




i-H 


i-H 


i-H 




i-H 




r-H 


CM 


i-H 


i-H 


CM 





Q 




vO 




CT) 




rH 








CM 






LO 


























/— \ 




• /— N 




CO 






/■ N 




f — \ 


LO 


/ — \ 




f N 


LO 


rj" 


vo 




vO 




o 




cn 








LO 




LO 




i-H 


CO 


CM 


I 




vO 








LO 


V 


to 




CM 




CM 


i-H 


to 


vO 




vO 








i-H 








vO 




CM 




CT) 


vO 




II 




ii 




II 




ii 




II 




II 


ii 


II 


CT) 




00 2 


i-H 


2 


i-H 




vO 


2 


CT) 


2 


CM 


2 


2 


f> 2 


i-H 




• v ' 




v / 




v / 




v / 




v / 




v / 


• v / 


. v / 






o\ 


CT) 




o 




CT) 




i-H 




CO 




CO 


i-H 






i-H 


i-H 




CM 








CM 




i-H 




i-H 


CM 



9 

ERIC 



22 



3 



to CO 
t 

CM 

cn c 

i-» TO 

0) 

2! 



O CO 

i 

CD 
vO 

O) C 

i— » TO 

0) 



to 

i 

vO 



C 

O 

•H 

D 

4-> 
•H 
4-> 

10 
C 



cn 



3 



"vf c — v LO t — x 

cn 

tO 

tl 



II 

CM Z 



Cn 



vD 
• r~\ 

CD 

to 
n 

to 5/ 

CD 



CD 
CM 

to 

II 

tO 2 
• v — ' 
CO 



II 

O 25 

O 
CM 



LO 

cn 
to 
H 

to z 

• v — / 
00 



00 

. LO 



CM 
CM 



to 



00 

to 

II II 

^ Z UO 2 

cn cn 



00 

CM 

II 

CM ^ 
. v — / 

to 

CM 



LO 

LO , 



CD 



CD 

to 



II 



II 



CO 
CD 



II 



z cn z Z 
cn cn to 

rH CM 



CO 
vD 
II 

CD Z 
• v — / 

CD 



to 

CM 

li 



o 

CM 



O 



ti 

cn z 



CM 
CM 



LO 



CM 
LO 



CM 
LO 



\D 
LO 
II 

CM CM 



CM 
CM 



II 



to 



LO 



II 



LO 

to ^ 
o 

LO 

II 

CM 
CM 



CM 

to 



to 



CM 

to 



to 

«-H 0C 

n 11 

\o 2: ^2: 



CM 



O 
CM 



LO 

• t — X 

cn 

CM 

to 
11 

to z„ 



o 
to 
to 
II 

• v — > 
CM 
CM 



»oKo 

CM 
II 

• v — / 
CM 
CM 



CO 



to 

LO 



O 
CM 



o 

LO 



CM 
O 



O 
CM 



CO 



O 
CM 



♦a 



vD 
I 

cn 



u 

o 



I 

to 
<n 



LO 

\D 
I 

vD 

cn 



4-> 



4-> 
4-> 

n5 
X 

4-> 

V) 
<D 
00 



E 
O 

Lj-J» 
4-> 

c 

o 

<D 
V) 

a} 

CO 



n r: 

CO CO 



o 

h 
h 



4-> 4-> 

CO* CO 



O 

1 

cn 
cn 



o 



cn 
1 

CO 
vD 

cn 



00 

I 

vD 

cn 



X5 
4-> 



4-> 
4-> 

n$ 

4-> 

V) 

a> 



E 
O 

u 

Lj-j 

t3 
C 

o 

t3 
<D 
V) 
(TJ 

CQ 
CM 



(1) 
O 
•H 
> 

CO 



to 

<D 

X5 



§ § § 



4-> 

CO 

1 

to 

cn 



o 



to 
1 

CM 

cn 



o 
cn 



t3 
<D 
4-> 

nJ 

a, 

•H 

o 

•H 

Cu 

4-> 

4-» 

V) 
<D 
GO 
<D 

'i-H 1— » r-4 

OOO 
OOO 

O LO 

CM CM 

<tf rr 



E 
O 

4-> 

C 

o 

t3 
<D 
V) 
(TJ 

CQ 

to 



^3 



9 

ERJC 



< 




<0 00 

I 

CM 

ON C 

rH CtJ 



.a 

00 



vO 
I 

VO 

on 



o 

.-H 
-H 



oo 



O O 



m to 
co 



ON CM 

r^. oo 



O O 



m o 

"rH rH 



CM CM 



H MO 

oo 



O O O 



in o I s * 

in vd in ^ 
• • • 

CM CM CM 



rH o 
oo co 
• • • 
o o o 



CO vD O 
CO CO CM 



■ CM CM CM 



vo.co 
• • 
o o 



cm m 

VO CO 
CM CM 



VO O 



O rH 



ON 

^ rH 



CM CM 



CO VO 

r^. oo 



O O 



vo on 
O 

CM rH 



CO co o 
co oo 
• • • 
poo 



CO H O 
O <0 CM 



CO VD 

r^. co 



o o 



vD r**» 

CM CJN 



CM rH 



n in 



vd r^. 



VD 



i O 



VD 



CM 



CM 
CM 



00 
VD 



CM 
CM 



00 



oo 



CO 
VD 



oo 



O 

CM 
CM 



i , 

CM 
CO 



ON 

o 









CJ 


CJ 


QJ 


u 


U 


U 


CJ 


CJ 


t 

CJ 


CO 


CO 


CO 




ch 


ch 








co 


to 


to 


CJ 


CJ 


CJ 


CO 


CO 


CO 


QJ 




CJ 


PS 












M 






co 


CO 


CO 


VJ 






c 


»-< 




,C0 


to 


§ 




iJ 




CO 


CO 


CO 




o 




VD 




rv 


| 

VD 


I 

ON 


I 

CO 


VD 


VO 




ON 


ON 




,▼—1 


H 


H 


M 


M 


M 


O 




Q 








VD 


CT\ 


CO 


VD 


VO 




1 

to 


1 

00 


1 

CM 


VD 


vO 




ON 


ON 


ON 


rH 


H 


H 








to 


00 


CM 


VD 

1 


vO 




1 

<r 


1 


1 

rH 


VD 


vO 




ON 


ON 


ON 


H 


H 


rH 


C 


C 


C 


•H 


*H 


*H 




*X) 


XJ 


a) 


CJ 


CJ 


ij 




-u 


co 


to 


CO 


/--, 


a 


a 


•H 


*H 


*H 


O 


CJ 


CJ 


•H 


*H 


*H 




U 


iJ 


^ 


u 


M 


CO 


to 


_ CO 




o 


o 




u 


iJ 




to 


C3 




.c 




*J 




4_) 


CO 


to 


CO 


<v 


<D 


CJ 


oo 


00 


W) 


<D 


CJ 


ni 


rH 


H 


H 


H 


H 


rH 


O 


Q 


8 


U 


U 




o 


to 


to 




CM 


ON 






CO 


• e 








o 


o 




M 


M 




m 




CO 


to 


CO 


*J 


u 


U 


to 


to 


CO 






T3 


C 


C 


C 


o 


O 


O 








CJ 


o 


* CJ 


3 






rH 


CM 











24 



ERIC 



CO 

w 
hJ 

H 



- pj 

§ 

CO 

o 



to 
i 



< CO 

a, 

o CO 
CO 

pj o 
pj u 

o 
pj pj 

CO PJ 

§3 

PJ O 
CO u 

H Cu 

go 

U« PJ 

H 

O CO 

2: pj 

t-« CU i 

b co 



o 
i 



Q 

o 
u, 

2: 
o 

H 
< 
-J 

PJ O- 

gs£ 
en o 
o p 
u 

o 

a, 

5 



COt * 

cu : 
E 

PJ 

n: < 

H - 

a c 
pj : 

H 
PJ c 



co 
I 

CM PS 
ON 



o 

on Pi 

VD 

ON 



vo 

vd Pi 

VD 



3 

•H 
4-> 

</) 

c 



0) 



<r in 



o o\ r^. 
n vo m 



VD On 



ON 

m 



on <r 



r^- m <r 
m vo <r 



vd 
m 



O CM 
l/N LO 



\OHN 
CO VD LO 



CO r—\ 



VD 



co <r in 



vo r^. 



CO 



CO 

vo 



co 
m 



o 
uo 



cm 

VD 



co 



o 
m 



vD 
VD 



O 
vD 





0) 


0) 


0) 




rH 


rH 


t-H 




•H 


•H 


•H 




fJ 


4-> 


4-> 




a 


• c 


c 




o 




0) 


o 


o 




a 












o 




0) 




a, 


a, 




< 




x ■ 


,c 






4-> 






LO 


O 


LO 




t\ 


LO 


CM 



a 



CO 

-5 

Cd 
co 

& 

Cd 
T3 



U 

CO 

r^. 

vD 
I 

vD 
vD 

ON 

o 



3 

I 



u 

cd 



0) 0) 

o a 



1 1 1 



0) JD 
CO V) 



•g 

Cd 

co 

Cd 

d 



o 

<J 

ON 

vO 

On, 



U 

vO 



vD ON 

VD vD 

i 1 

LO CO 

VD VD 

ON ON 



•H t-1 
0) 0) 



Cd 

a 



u 

0) 



to' 

0) 

•<D <u 

rH tH 

O O 

O * O 

O LO 

^ CM 



o 
u 



B 
o 
u 



o 



o 



•o 

0) 



0) 

W CO 
rH CM 



•5 

U 

V) 

c 



CO CO 



co 

vD , 

rs 

vD VO 
On ON 



I 

CO 

On 



U 

O 



co 
» 

CM 
ON 



CM 

I 

iH 

On 



'Or 

0) 

a 
cd 



cd 
cd 



co 

0) 
60 
0) 



o 
a 

in 

ON 

co 

E 
o 



cd 
-o 

c 

o 

-o 

0) 

CO 

cd 

CO 



V 



9 

ERIC 



Of) 



